In winter hardy alfalfa cultivars, cold acclimation occurs prior to the onset of freezing temperatures and normally is accompanied with a series of metabolic and morphological adjustments. We are studying the accumulation pattern of metabolites throughout the autumn previous to freezing and relating them to winter survival in an F1 segregating population between the cross of M. sativa subsp. sativa and subsp. falcata. Morphological components and soluble carbohydrates, protein, amino-N groups, and free fatty acids were measured in 2001 and 2002 in the field. Broad sense heritability was intermediate for shoot and root mass and height, and for metabolites, ranged from low (TNC=0.04) to high (starch=0.80). The genetic correlation between winter injury was not significant for most of the metabolites, except for soluble protein and amino-N group concentrations. The presence of allele a1 of MSAIC B, a cold-related gene, was positively associated with autumn plant height but negatively associated with root mass in the WISFAL-6 parent. Numerous QTL were detected for concentrations of metabolites. Our results suggest that winter injury and autumn biomass are controlled by different loci in this population.
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INTRODUCTION
Alfalfa originated in the Caucasus Mountains and surrounding regions from which it spread throughout much of Eurasia and North Africa, resulting in alfalfa germplasm with a wide diversity of winter hardiness. The most winter hardy alfalfa germplasm is M. sativa subsp. falcata, which grows primarily in colder and drier areas of Europe and Asia. Winter hardy alfalfa becomes dormant in response to shortening photoperiod and cooling temperatures typical of autumn, thus acclimating for the harsh environmental conditions of winter (McKenzie et al. 1988 ).
The accumulation of various compounds, including regulators of osmotic potential like sucrose and proline and of membrane fluidity like linoleic acid, takes place during hardening, helping cells to tolerate dehydration and maintain membrane integrity. The soluble carbohydrate concentration in alfalfa taproots during early autumn is not associated with cold tolerance, but winter hardy germplasm accumulates higher concentrations of soluble sugars in late autumn than do non-hardy cultivars (Cunningham et al. 1998; Alarcón-Zúñiga et al. 2001) . Taproot starch concentrations may also be partially involved with winter hardiness as they can be converted to sugars when needed for acclimation (Boyce and Volenec, 1992) . The accumulation of oligosaccharides, including raffinose and stachyose, has been linked to decreased winter injury (Cunningham et al. 2003) . The concentrations of other compounds and the expression levels of a suite of genes has been shown to change under cold or winter stresses in alfalfa and many other plants (Thomashow, 1999) .
Alfalfa cold acclimation is a complex phenomenon comprising a multitude of physiological and biochemical processes (Volenec et al. 2002) . The objective of this paper is to provide a preliminary examination of the genetic relationships among concentrations of carbohydrates, soluble protein, amino-N groups, and fatty acids during late autumn, autumn plant growth, and winter injury using both quantitative genetic and molecular marker methods to detect quantitative trait loci (QTL).
RESEARCH METHODOLOGY

Experimental Population
Two genotypes, ABI408 (Medicago sativa subsp. sativa) and WISFAL-6 (M. sativa subsp. falcata) were crossed to form an F1 population of 200 individuals segregating for yield, winter injury, and autumn growth (Brummer et al. 2000) . The 200 F1 individuals, two parents, and eight checks
